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for moral and financial support and for recruitment.
Items like your series are essential in this regard."
And if this man is right, then the newspapers, in doing

an adequate job in writing about science, not only are
performing a service to their readers, but to science as
well.

The Practicality of the Impractical
by ALFRED 0. C. NIER

Chairman, School of Physics
University of Minnesota
Misconceptions about what science is or what scientists do are nicely illustrated by an experience I had
some years ago, not long after I joined the faculty at the
University of Minnesota. As I drove to school, I frequently picked up students who were hailing rides. This
was always an interesting experience because it gave me
some inside information on what made students tick. I
remember picking up a young fellow one morning. I
asked him where he was going and what he was doing
and it turned out he was a freshman engineering student
on his way to a chemistry class. He then asked me what
I did and I explained to him I was in the physics department and that I taught classes but also worked in research, my particular interest at the time being in learning about the isotopic composition of the elements. After
a brief pause, he asked me "why didn't I look it up in
the book."
None of the things that I will talk about today appeared in the book before they were discovered. This is
one of the great fascinations of science. One has an opportunity to explore the unknown and work on the very
frontiers of knowledge. In spite of the furious pace at
\Vhich research is proceeding these days, the frontiers
always seem to grow. In other words, the more we learn,
the more we discover needs to be learned. If any of you
contemplating a career in science are worried about being thrown out of work, you need not have fears. The
opportunities for those who know the fundamentals increase rather than decrease with time.
I have chosen to talk about atom weighing, a field that
looks about as impractical as one can find. I would like
to say something about its history and some of its very
interesting applications. In finding a suitable starting
point for my story I could go back to ancient times, to
the discovery of electricity and magnetism and some of
the phenomena associated with them. My account, however, will only go back to the period not many years before the turn of the century. At that time, one of the interesting things to investigate was the nature of.the electrical discharge that took place when most of the air was
pumped from a glass bulb and a high voltage put between two electrodes sealed in the glass. There were
many curious aspects of this electrical discharge. For
example, the color and nature of the light appeared to
depend upon the type of gas that was present. Secondly,
there seemed to be streams of particles in motion bel2

tween the electrodes. These particles could be deflected
by magnetic or electric fields, thus seeming to have
something in common with the electric current that
moved in a wire when voltage was impressed across the
ends of the wire. Since the particles could be deflected
and hence studied, it was not long before it was shown
that two basic types of particles were involved-rays that
seemed to originate at or near the cathode region of the
discharge and rays that seemed to originate at or near
the anode region. The one type was called cathode rays,
the other, anode rays. Indeed, just before the turn of the
century J. J. Thompson demonstrated that cathode rays
were very lightweight particles, apparently identical with
the electrons observed in other types of experiments,
and he is generally credited with having discovered the
true nature of the electron. Although anode rays were
first observed in the 1880's by Goldstein, their identification took a little longer; but by the early 1900's it
became fairly clear that these were positive ions-namely,
neutral atoms or molecules from which one or more
electrons had been stripped as a result of the electrical
discharge process. Thus, the weight and characteristics
of the ions depended upon the original atom or molecule
that had been put into the electrical discharge. Again,
we find J. J. Thompson's name associated with the early
research in this field. He worked out an arrangement of
electric and magnetic fields which made it possible to
separate, according to their masses, the different kinds
of particles that appeared in an electrical discharge and,
by 1907, was able to observe (for example) the differences between hydrogen and helium. By 1912, he had
constructed a new apparatus that, at the time, had remarkable properties-it could separate particles that differed in mass by only 10 per cent. When various gases
were introduced, the masses observed for these were
consistent with what one knew from chemistry and the
table of chemical atomic weights. When neon was introduced, however, a curious thing was noticed: there apparently were two types of neon atoms, some of which
had a relative mass of 22, some a relative mass of 20.
The amounts of the 20 were about 10 times as large as
the 22, so the average mass would be close to that of
the 20-20.2, to be more exact. This was the first definite
demonstration that in the nonradioactive elements, isotopes could occur, i.e., an element could have atoms of
different mass, yet all have the same chemical properties.
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As time went on, improvements were. made in the
techniques and the scope of the investigations. By 1919
Aston had constructed what was called a mass spectrograph. It separated atoms according to mass in just the
same way that a prism spectrograph separates, according to wavelength, all the constituents of a light beam
which may impinge upon it. During his lifetime, Aston
studied the isotopic composition of many elements and
also made the first accurate measurement of the masses
of the isotopes. Perhaps his most important discovery
was that the relative masses of atoms were not exactly
integral numbers. They deviated from even numbers in
such a way as to be consistent with one of the predictions of Einstein's theory of relativity-namely, that there
was an equivalence between energy and mass. Thus, if
one brought together a number of particles to make up
the nucleus of an atom, one would discover that, because of the binding energy released in the formation
process, the mass of the resulting nucleus would be
slightly less than that of the constituent particles that
went into it. Here, then, we had the tangible evidence
that enormous amounts of energy were associated with
the nucleus of the atoms; that, in principle, one ought
to be able some day to perform nuclear reactions that
would release this energy.
At the same time that Aston in Cambridge, England,
was carrying out his pioneering experiments in determining the masses and the abundances of the isotopes,
closely related work was going on at the University of
Chicago, where the late Professor Arthur Dempster also
was weighing atoms. He did not work on the mass determinations, but concentrated his efffforts on abundance measurements. Unlike Aston, who used a photographic plate for detecting his ions, Dempster used electrical detection means and, hence, did not have to contend with all the complications involved in removing the
photographic plate from the vacuum of his instrument,
developing it and interpreting the blackening on it at
a later time. Dempster thus had the first mass spectrometer, as we would call it today, Aston, the first mass
spectrograph. In one, results are read with electrical instruments, in the other, on a photographic plate. Both
types of instruments would fall under the general category of mass spectroscopes. The general field is called
mass spectroscopy. Today, practically no one works
with photograph plates in this type of investigation, so
the field of mass spectroscopy is gradually changing into
one of mass spectrometry.
The availability of instruments that could study particles resulting from an electrical discharge naturally
simulated work in other directions. By the late 1920's,
instruments were being constructed in which carefully
controlled beams of electrons were sent through a gas.
From such investigations, one could learn something
about chemical structure. For example, if a molecule
such as carbon monoxide is bombarded by a beam of
electrons, one will observe carbon monoxide positive
ions, i.e., molecules of carbon monoxide in which only
a single electron has been removed by the bombardment.
One will also observe fragments in the form of carbon
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or oxygen ions. In other words, electrons striking a
molecule may not only ionize it but may dissociate it
as well. If one studies the production of these several
species of ions as a function of the energy of the electron beam sent into the gas, it is not hard to see that
one can learn something about energy relations in a
molecule. One can learn how energetic an electron it
takes to produce ionization and how energetic an electron it takes to dissociate the molecule into its several
fragments. By putting the numbers together one can
measure the heat of dissociation, for example, as well
as other quantities of interest to physical chemists. Here,
then, is something practical in the event that the earlier
discovery of the non-integral nature of atomic massesproviding one of the key points in the discovery of
atomic energy-is not practical enough for you!
The development of instruments that could tell something quantitative about the isotopic composition of an
element soon found application in other fields. Much
has been said about the use of radioactive isotopes as
tracers in biological work of all kinds. It is frequently
forgotten, however, that a number of the key elements
involved in biological systems, namely nitrogen and oxygen, do not have radioactive isotopes with suitable halflives for carrying out experiments. In such cases, separated isotopes of a stable variety are employed. While
oxygen consists primarily of the stable isotope 0 16, it
also has some atoms having masses of 17 and 18. If
oxygen containing an excess amount of 0 18 is incorporated in a molecule, and such a molecule is introduced
into a biological system, the fate of that molecule can
be traced by following the change in the oxygen isotope
abundance ratio. Likewise in the case of nitrogen, N 15
is employed as a tracer. It is interesting to note that perhaps the first truly significant biological experiments using tracer isotopes were performed with nitrogen by the
late Professor Schonheimer of Columbia University in
his pioneering studies of intermediary metabolism.
As the instruments were improved during the 1930's,
more and more refined experiments could be attempted.
One of the fascinating topics for investigation was to
learn something more about the measurement of geological time. It had long been known that when one had
a uranium mineral, lead was always found in it. The
same could be said for a thorium mineral. That this
should be so was clear from what had been learned
through the years about the heavy elements and the radioactive decay series. Uranium and thorium are both
radioactive and decay gradually to form lead. A mineral containing uranium or thorium can be thought of
as similar to an hourglass: in a uranium mineral, for
example, the uranium corresponds to the sand on top,
the lead to the sand at the bottom; if one knows the rate
at which sand is transported from top to bottom and the
amounts of sand at the bottom and top, a simple calculation tells us how long the passage of sand has been
going on.
Some of the details, however, are not so simple, and
require elucidation. For example, uranium minerals frequently contain a certain amount of common lead, i.e.,
13

lead that apparently has no connection with radioactive
processes-at least since the time that the mineral was
laid down. Following the hourglass analogy, it is as if
the bottom of the glass already contained some sand
when the flow from the top started. Thus a mere measurement of the uranium and lead in the mineral could
lead to a serious error. Here the mass spectrometer
played a very important role. There are two principal
isotopes of uranium-U 238 and U 235 • These are the starting points of two of the naturally-occurring radioactive
series. They decay respectively to lead 206 and lead 207.
Common lead has four isotopes, lead 204, 206, 207 and
208, in relatively constant proportions, except for an
important effect that I will mention a little later on. If
one knows the isotopic composition of common lead and
of the lead that forms from the decay of uranium, he
can subtract out the common lead from that which is
observed in the mineral, making use of the knowledge
of the several isotopic compositions, and in this way
determine the true amount of lead resulting from the
radioactive decay. The same procedure can be followed
in the case of the thorium mineral. Hence, we see a practical application of atom weighing to geology-more specifically, to the field of geochronology, as it is called
today.
In the field of isotope geology, two other interesting
effects should also be mentioned. Consider for the moment a uranium mineral not contaminated by common
lead. Since the rate at which the two radioactive series
decay is quite different, one would expect that the ratio
of lead 206 to lead 207 would depend upon the length
of time in which the decay was taking place. I think,
if you will take the hourglass analogy, you will see what
I mean. Now assume that you have two hourglasses. In
one of these the sand moves through much faster than
the other, and one observes the relative heights of the
two piles of sand at the bottom. I think you can see that
with a little calculation you could figure out how long
the piling up of sand went on without ever bothering to
look at the upper part of the hourglasses. In other words,
from a measurement of the lead 207 to lead 206 ratio in
a uranium mineral, one can determine the age of the
mineral without ever bothering to measure the uranium
in it. This not only provides an independent method of
measuring the geological age but turns out to be a method that, in many cases, is more accurate than one based
on the relative amounts of uranium and lead found.
Of almost as much, if not more, importance than the
use of measurements of lead isotopes just mentioned, is
the very interesting discovery made in 1937 that not all
common lead is alike. A few minutes ago I indicated that
common lead contains four isotopes, 204, 206, 207 and
208. The isotopes 206 and 207 can come from the radioactive decay of uranium. The isotope 208 can come
from the decay of thorium. If one looks at the pattern
for the isotopic composition of a large number of common leads, one sees a striking feature. It appears that
one can consider to a first approximation that all common lead consists of an original or primordial lead, as
it is called, to which has been added approximately equal
14

amounts of uranium and thorium leads. The amounts of
the products of radioactive decay will vary from sampleto-sample. The general pattern is quite distinct. Now,
you see, this provides some extremely interesting information about lead found in a lead mineral such as galena, having to do with the history of the lead before
the mineral was laid down as such. According to geological thinking, the elements are all mixed up in the
molten magma beneath the surface of the earth. Then
as the magma rises, differentiation may take place as
minerals are formed. The magma contains uranium and
thorium as well as lead and many other elements. If a
lead mineral is formed very recently or is young, as
we would say, the lead in it would have been associated
with uranium and thorium in the magma for many years
and hence should contain a relatively large amount of
excess 206, 207 and 208 from the decay of uranium
and thorium. On the other hand, if a lead mineral was
formed many years ago, in the early days of the earth,
there would not be much of the excess 206, 207 and
208 present, so the mineral would be relatively low in
these isotopes. This is exactly what is found. It is not
hard for you to see that one could put this whole business on a quantitative basis and from the measurements
extrapolate backwards to see how long the process might
have been going on. Many people have played at this
algebraic game, using basic data obtained in the late
1930's, as well as more recent measurements. The general consensus is that all of the data are consistent with
the idea that on the earth this process may have been
going on for about 4½ to 5 billion years; in other
words, the earth is that old. When you hear someone
s::iy that the earth is 4½ to 5 billion years old, keep in
mind that somebody weighed atoms to make this discovery possible.
Lead is not the only element that shows interesting
variations in nature. Hydrogen, lithium, boron and sulphur, to mention but a few, show variations that are not
associated with radioactive processes, as in the case of
lead, but have to do with the equilibrium processes
when certain chemical phenomena take place. One of
the interesting cases is that of oxygen. If one measures
the relative abundance of the oxygen isotopes in various
substances taken out of the ground or the ocean, one
discovers that there is a variation. If one looks at the
oxygen found in the calcium carbonate of the shells of
certain marine animals, one observes a very curious effect. It appears that the relative abundance of the isotopes depends upon the temperature of the water in
which the precipitation of the calcium carbonate took
place. Here, then, we have a way of measuring the temperatures of oceans that existed many years ago. Professor Harold Urey, formerly of Chicago and now of
California, developed this field that is called paleotemperature measurement. It is of interest to anyone tracing
the history of the early days of the earth.
An instrument that can weigh atoms accurately has
many other applications, not the least of which is to
perform simple gas analyses. For example, if one admits air into a mass spectrometer, one sees peaks in the
The Minnesota Academy of Science

mass spectrum of the instrument corresponding to the
nitrogen, the oxygen, the argon and any other impurities that may be present. It is easy to see that if one
were to calibrate the instrument with a known mixture
of gas, one might then employ it for the determination
of unknown mixtures. One of the very important applications of this technique has been in the oil industry.
The problem of determining the differences between
complex mixtures of hydrocarbons is a very difficult
one. With a mass spectrometer it becomes relatively
simple, and all research laboratories associated with the
oil industry and many refineries employ mass spectrometers as routine tools, just as one would have an analytical balance, a pH meter and other devices in a chemical laboratory. Mass spectrometers have played such an
important part in the oil industry that it would be safe
to say the gasoline in the tank of your car has had some
connection with a mass spectrometer at some time.
With an instrument as versatile and powerful as a
mass spectrometer one can do other interesting tricks.
For instance, one can attach such an instrument to a
vacuum system undergoing tests to see whether or not
it has any leaks in it. Extremely small leaks can quickly be located if a suitable probe gas is used. The common procedure is to build a mass spectrometer that looks
at the mass 4 position, namely, that where helium occurs when it is present. The atmosphere contains only
one part in 200,000 of helium; thus, if the mass spectrometer is connected to a system that has a leak from
the air, only a very small peak appears at the mass 4
position. If, however, one goes over the region where
a leak is suspected with an excess amount of helium,
simply by having a hose connected to a helium tank and
spraying helium over the region, the concentration will
rise abruptly above the one in 200,000 figure mentioned, and a signal will appear in the mass 4 position,
the size of it depending on the size of the leak. Thus, in
a complicated vessel, having for example many welded
joints, one can determine separately each of the leaks
without worrying about the presence of others in the
neighborhood. The helium leak detector, as it is called,
was developed in the early days of the war in connection with the Manhattan Project for the purpose of getting the gaseous diffusion plant at Oak Ridge vacuum
tight. Since that time, thousands of such instruments
have been built and sold, and helium leak detectors are
standard equipment in most research laboratories as
well as in industries where the tightness of either pressure or vacuum containers plays an important part.
One of the fascinating applications of mass spectroscopy is to the field of cosmology or, to be more specific, to that branch of cosmology having to do with meteorites. There are several kinds of meteorites: the iron
ones that consist of an iron alloy containing about 10
percent nickel, the stony ones that resemble stones found
on earth and, finally, combinations of the two. Chemists
have for many years analyzed the content of meteorites
and discovered that they contain elements similar to
what we find on earth. With the exception of elements
that can be disturbed as the result of radioactive decay,
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the isotopic abundances in the elements are the same as
one finds here on earth, suggesting a common origin.
One of the intriguing researches that can be carried on
with mass spectrometers is the study of the interaction
of cosmic rays with meteorites. Cosmic rays consist. primarily of very high energy protons. When these strike
an object, such as a meteorite moving about in space,
nuclear reactions take place in which an original nu.deus is destroyed and lighter fragments of the original
appear. Thus, for example, if one bombards an iron
meteorite with protons, one finds small amounts of all
the elements lighter than iron, the amounts, of course,
depending upon the length of time of the bombardment
and the position of the particular sample under investigation in the body undergoing bombardment.
The rare gases lend themselves particularly well to
investigation. In an iron meteorite one finds helium, neon
and argon with isotopic abundances quite different from
what one finds in terrestrial materials since these isotopes are produced by the interesting high energy physics processes mentioned. Rare gases can readily be removed from the iron by evaporation and introduced into
a mass spectrometer for measurement. Analyses of the
rare gases can be performed on samples of the order of
10-8cc. in size or smaller, so the instrument has plenty
of sensitivity for making needed measurements. Without
my going into all the details, you can see that the measurements can be reduced to a quantitative basis. Through
the investigation of suitable samples, one can learn something about how much material is burned off as the meteorite plunges through the atmosphere. One can learn
something about the size of the body in which the original bombardment by cosmic rays took place and the
duration of the bombardment. What is more, by including isotopes of other elements in the study, one can learn
about the constancy of cosmic rays in space and time.
From the measurement of the isotopic composition of
the potassium in iron meteorites, one can say with considerable assurance that the average intensity of cosmic
rays a billion years or so ago was the same as it is today. In the investigation of stony meteorites, other interesting effects can be observed. For example, it has
been shown that certain of these exhibit very anomalous
isotopic abundances. These abundances seem to be associated with the existence of some primordial material
that must have been present and, there is reason to believe, we have evidence of the nucleogenesis that took
place 5 or more billion years ago.
I have already mentioned the importance of determining the masses of isotopes very accurately since it is
a measure of the energy content of a nucleus. From the
standpoint of learning about nuclear structure, the precise determination of atomic masses is of the utmost
importance. Since 1948, there have been great improvements in the instruments and one can now measure
atomic masses out to one part in 10 million or better.
This information has done much to clarify our understanding of nuclear structure.
An extremely interesting application to another field
has appeared. I have already mentioned how mass spec15

trometers are used to study molecular structure or to
make analyses of complicated gas mixtures. Very recently, organic chemists found that mass spectrometers
of the sort developed for the precise determination of
atomic masses may be used for studying molecular structure in complicated organic compounds. When an electron strikes a complicated molecule, one may have a
wide variety of fragments formed. In a heavy hydrocarbon, there are a large number of carbon and hydrogen
atoms and possibly atoms of other elements as well. If
one observes an ion fragment at the mass number 387,
let us say, its composition may not be uniquely determined because it is not hard to see that one could have
various combinations of hydrogen, carbon and other
elements that could add up to give you the number of
387. However, if one determines the number 387, not
just the nearest integer but out, let us say, to 6 or 7
significant figures, as 387.0649, then there may be only
one combination of masses which gives this exact mass
since hydrogen, carbon and so on which go into the
fragment deviate in different amounts from integral
numbers, and not just any combination will add up to
give the number 387.0649. This is a new field that has
been in existence for only a few years and promises to
provide important information on molecular structure.
I have told of applications of atom weighing to a wide
variety of fields. No discussion could be truly modern
or complete, however, unless I said something of space
research and how atom weighing fits into this new and all
important field of endeavor. Mass spectrometers have
been placed on rockets and sent into the upper atmosphere. Rather complete studies have been made in the
region from 60 to 120 miles, and it has been shown
that the atmosphere changes from one having essentially
the composition we have here on the ground to one
that, at the higher altitudes, consists essentially of molecular nitrogen and atomic oxygen in about equal
amounts. Other instruments mounted on a satellite have
shown that at still higher altitudes, the atmosphere consists primarily of hydrogen, helium and atomic oxygen.
There have not been many investigations and knowledge is fragmentary, but once the measurements are reduced to a routine basis, variations with time, latitude
and so forth will surely occur. It is safe to predict that
such instruments will, in the future, provide very basic
information relating to such down-to-earth practical matters as forecasting weather since, very clearly, our
weather depends upon the sun whose radiations are not
constant with time, affect the upper atmosphere and, in
turn, must affect the lower atmosphere.'
Serious plans are in process for the utilization of mass
spectrometers for performing analyses on the moon and
the planets. Simple mass spectrometers suitable for drop-
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ping on Mars have been investigated and, surely, within the lifetime of most of us present, investigations of
this kind will be conducted. Investigations are under
way to see how mass spectrometers might be used for
analyzing the very tenuous atmosphere that might exist
on the moon or the materials found on the lunar surface.
Again, within a relatively few years, somebody with an
atom weigher of some kind will surely make important
discoveries concerning the moon.
In my talk I have rambled over quite a bit of ground.
The point I have tried to make is that if one understands
basic principles, these can be applied to a wide variety
of situations. We are indeed living in the scientific age.
Events that may be hot stuff today will be obsolete tomorrow. Those who understand the multiplication tables, the alphabet and their equivalents in science can
be assured of an exciting place, be it in the exploration
of the frontiers, in teaching or the application of principles.

Science Man power
According to the National Science Foundation's 1962
registration of scientific and technical personnel by state,
Minnesota, with 3614, ranks sixteenth. In first and second place are California and New York with 25,526 and
23,496, respectively.
Of the midwestern states, Illinois and Ohio; with
10,790 and 9816, rank sixth and seventh nationally;
Michigan, with 7143, is ninth, Indiana, with 4225, is
twelfth, and Wisconsin, 3561, is seventeenth.
·
As in the national distribution, more scientists in
Minnesota are employed in the field of chemistry than
any other. The breakdown of number of scientists engaged in the different fields and the national rank of
each is as follows:
Field

No. of
Scientists

Chemistry ....................... . 1009
Biological Sciences ................ . 531
Other ........................... . 386
Psychology ...................... . 378
Physics and Astronomy ............ . 369
Mathematics and Statistics ......... . 344
Agricultural Sciences .............. . 324
Earth Sciences ................... . 130
Sanitary Engineering .............. .
82
Meteorology ..................... .
61

National
Rank

15
15
23
11
18
14
13
31
22
29

SOURCE: Scientific Manpower Bulletin
No. 20, National Science
Foundation
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